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--_'-2_ _ 7 ABSTRACT

The purpose of this document is to solve, in an analytical fashion,

the problem of when the earth can be acquired by an earth orbiting sat-

ellite. To "acquire" the earth means that the earth will be visible to

the satellite in a certain fashion. In the real case when the earth is

properly seen by a satellite, the satellite will automatically lock on to

the earth and track it.

The technique for predicting earth acquisition, described herein, is

a mathematical method which is developed into a computer program.

Through the use of the program it is possible to predict when, after a

reference time, the earth can be acquired by a particular satellite in a

given orbit. The technique is a function of the kind of earth-search and

acquisition device, the orbit, the launch date and time of day. The tech-

nique is a function of the earth-searching and acquisition device inas-

much as the device will have certain mechanical or electronic limita-

tions. It is a function of the orbit because it is easier to acquire from

nearby than far away. And finally the technique is a function of the

date and time of day because the satellites are first sun-oriented before

starting the earth-search mode.

The technique is applied and results are shownfor two satellites in

the Orbiting Geophysical Observatory (OGO) family, namely for the

Eccentric Orbiting Geophysical Observatory, EGO, S-49, and for the

Polar Orbiting Geophysical Observatory, POGO, S-50.

The results indicate when the earth will be acquired for these two

satellites as a function of launch time so that launch times can be

selected for optimum results. As a result earth acquisition launch

window maps are presented. (__4__
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i,j,k

ib' Jb' kb

NOMENCLATURE

a The semi-major axis of the satellite's orbit. Also used as

an arbitrary constant.

a' 1 A.U. = 1.496 × 10 s kilometers = the semi-major axis of

the sun's orbit relative to the earth (Reference 8).

b An arbitrary constant.

d The number of days from 0.0 hours Universal Time on

January 1, 1961 to the time in question.

d i A parameter for the i _ sweep plane; it is defined by equa-

tion (18) for sweep planes 1 and 2.

E The satelliteVs eccentric anomaly.

e The eccentricity of the satellite's orbit.

e' 0.0167259 = the eccentricity of the sunVs orbit relative to

the earth. (Page 50 of Reference 9.)

g' Mean anomaly of the sun relative to the earth.

Angular momentum vector.

i Inclination = the angle between the satellite's orbit plane

and the equatorial plane.

The unit vectors which correspond toX, Y andZ, respectively.

The unit vectors which correspond to Xb, Yb' and Zb, re-

spectively. (See Figure 2.)

Li The sweep vector for the

M Mean anomaly.

Ni The unit normal to the i th

P,Q,R

i th plane.

sweep plane.

The unit vectors which correspond to xw, Yw, and Zw,

re spe ctive ly.
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Px' PY' Pz

Qx' QY' Qz

R

r

r
se

m

Fve

m

r
vs

The components of the P unit vector in the (X, Y, Z) system.

The components of the Q unit vector in the (X, Y, Z) system.

The equatorial radius of the earth.

A position vector.

The position vector which points from the center of the

earth to the sun.

The position vector from the earth to the vehicle.

The position vector which points from the sun to the vehicle.

Time

to Time when earth-search begins.

X,Y,Z

Xb' Yb' Zb

Xw' Yw' zw

_v' _h

m

r

Use
: The unit vector which points from the center of

the earth to the sun.

m

v A velocity vector.

Cartesian coordinates with the origin at the center of the

earth, the X-axis in the direction of the vernal equinox, the

Z-axis along the north pole of the earth, and the Y-axis

forms a right hand set.

This coordinate system is fixed to the main OGO box.

(Figure Z.)

Cartesian coordinates with the origin at the center of the

earth, the xw- axis is in the direction of perigee, the

Yw - axis is advanced 90 ° in the direction of motion, and

the zw - axis is in the direction of the satellite's angular

momentum vector.

Blind zone angles (See Figure 8).

7 Flight path angle.

The angle between the equatorial plane and the ecliptic plane.
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k'

#

P sv
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_2

I
O_

The satellite pitch angle.

The value of _ at t o .

= u' +w' = True longitude of the sun = the angle between the

positive X-axis (vernal equinox) and the vector which points

from the earth to the sun rse. It is measured in the direction

of motion from the X-axis (equation B-8).

True anomaly.

True anomaly of the sun = the angle between the vector

which points from the center of the earth to the sun's perigee

and the vector which points from the center of the earth to

the sun. It is measured in the direction of motion of the sun.

Defined by equation (3).

A parameter.

Longitude of the ascending node = the angular distance from

the vernal equinox measured eastward in the equatorial plane

to the point of intersection of the orbit plane where the satel-

lite crosses from south to north.

The argument of perigee = the angular distance measured

in the orbital plane from the line of nodes to the line of

apsides.

The pitch rate of the satellite.

The argument of perigee of the sun = the angle between the

positive X-axis (Vernal Equinox) and the vector from the

center of the earth to the sun's perigee measured in the

direction motion from the X-axis.
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INTRODUCTION

The Orbiting Geophysical Observatories are earth-oriented satel-

lites. One face of the main body structure will always be perpendicular

to the radius vector from the center of the earth to the satellite. This

orientation is maintained through the use of momentum wheels and gas

jets aboard the satellite.

After an OGO satellite is injected into orbit it is maneuvered about

until one of its main body axes,-Yb, is directed toward the sun. The

satellite is then caused to rotate about this axis to permit the earth

horizon scanners to acquire the earth's horizon. Figure 1 shows the

satellite lined up with the sun and rotating. Figure 2 shows the OGO

ORBIT

CALIB.

PITCH

__- RATE

TO SUN

PITCH AXIS

YAW

AXIS

YAW AXIS

PITCH AXIS

Figure 1 - Earth-Search Mode of Acquisition

EARTH



POINTS TO
CENTER OF
THE EARTH

zb

xb

Figure 2 - Body Coordinate System

Yb

coordinate systems. If the planes which are scanned cut through the

earth it may be possible for the satellite to acquire the earth. The

earth horizon scanners are mounted on the satellite in two mutually

perpendicular planes which are also perpendicular to the surface of the

satellite. See Figure 3. There are two scanners in each plane and

each scanner sweeps out an angle in its own plane. If the earth's hori-

zon is within a scanner's sweep angle that scanner is said to have

acquired the horizon. The earth is said to be acquired if three of the

four scanners have acquired the horizon.

Z



Earth
gent Plane

Scan planes ,_.

Xb - Yb plane

Figure 3 - The Horizon Scanners



This document presents a description of the earth-search mode

and the mathematical technique used in the scanning and earth acquisi-

tion. Presented also is the amount of time or angle of true anomaly

which elapses after a reference time (i.e. lift-off time, injection time

or beginning of search) until earth acquisition occurs. The technique

is quite naturally a function of the time of day and time of year since

the sun's position defines the initial orientation of the satellite. In

particular the results for two satellites of the OGO series are presented

in this document (see Appendix A). The satellites considered are the S-49,

Eccentric Orbiting Geophysical Observatory which has been acronymed

EGO and the S-50 a polar orbiting OGO (hence POGO).



I. ASSUMPTIONS

A. The EGO Orbits

Two basic orbits are taken into consideration in this investigation

for the EGO satellite. These orbits differ principally in apogee height.

One case is referred to as the 60K orbit and has an apogee height of

60,000.0 nautical miles; the other is the 80K orbit and therefore has an

80,000.0 nautical mile apogee height.

The initial injection conditions for the two orbits are shown below.

These injection conditions are assumed to be the same as the Agena

(the last stage of the launch vehicle) burnout conditions. See Refer-

ences 1 and 2.

TABLE I

EGO INJECTION CONDITIONS

Geocentric latitude

Longitude

Height

Speed

Azimuth

Flight path angle

60K

20_.28035 S.

111790188 E.

281.6216 km

80K

20?744573 S.

111711923 E.

279.2517 km

10.64527 km per sec

66?35514

1747148

I0.716286km per sec

66?445986

17452111



The classical orbital elements associated with each of these orbits

are shown in Table II below. These elements are the osculating ele-

ments at approximately apogee with the exception of the right ascension

of the ascending node, f2which is that of injection. The osculating ele-

ments at apogee are chosen to show the actual apogee attained after the

satellite has been perturbed on its flight to that point. The program

described in this document uses as input the apogee elements with ex-

ception of the node. The node at injection is chosen to maintain orbit

plane alignment.

TABLE 11

EGO ORBITAL ELEMENTS

a

g_

f]

EPOCH

60K

9.73117 earth radii

.8929018

3O?80698

-45?59638

1447299963

Nov. 15, 1963 20.0 hrs UT

80K

12.63422 earth radii

.91701983

317020115

-46?341235

138707048

July 25, 1964 3.0 hrs UT

The epoch of July 25, 1964 at 3.0 hrs UT was chosen because it

lies within the launch window defined by the perigee restraints. See

6



"S-49, EGO Launch Window and Orbit" (Reference 3) for a discussion

of the restraints imposed on launch time and a diagram of the launch

window map. The launch windows for the 60K and 80K n.m. apogee orbits

do not differ greatly. Reference 3 shows the launch window map for

the 60K n.m. apogee case.

Computer runs have been made comparing the orbits defined with

injection conditions and apogee elements on two different computer

programs. This comparison is discussed in the "EGO Launch Window

Study," Reference 4.

B. The POGO Orbit

In the case of the POGO, S-50 only the nominal orbit is taken into

consideration. Table Ill below shows the injection conditions and

classical orbital elements (osculating elements at injection).

TABLE Ill

POGO, S-50 INJECTION CONDITIONS

Polar Coordinate s Classical Element s

Latitude

Longitude

Height

Speed

Azimuth

Flight Path Angle

16798219 South

47714414 East

2-57.593 km

7.93526 km/sec

8?363

0?0O796

a, semi-major axis

e, eccentricity

i, inclination

co, argument of perigee

_I right ascension of

the ascending node

Epoch, March I, 1964

17.1 hrs UT

1.09315

earth radii

.048267

82?0

-17732693

105763417



Since POGO is a close earth, low period satellite the osculating

elements throughout the orbit do not differ greatly.

8



II. DESCRIPTION OF THE EARTH-SEARCH MODE

Reference 5 gives an elaborate discussion and description of the

earth-search mode. The mode is briefly summarized here.

The OGO attitude control system orients the kb vector of the main

OGO box toward thecenter of the earth, and it orients the perpendicular

to the solar array axis towards the sun. After separation from the Agena

the - jb axis of the main OGO box is aligned with the sun during the sun

acquisition mode.

The earth-search mode is initiated after the sun acquisition mode.

This occurs at a predetermined time after sun acquisition (either 29min-

utes or 74minutes). During the earth searchmode, the-Jb vector is kept

pointing toward the sun, and a pitchrate of o_(-0.49 degreesper second)is

maintained about this axis. Thus, as the vehicle proceeds in orbit, the

kb axis is swept through space and at some point it will intersect the

earth. This mode is illustrated in Figure I.

The horizon scanner assembly consists of four independent scanner

heads which individually search for, locate and track the earth's hor-

izon. Figure 3 shows an illustration of the horizon scanner planes.

Each scanner sweeps through a fixed field of view in its plane, search-

ing for an earth-space gradient to track. The maximum scan angle of

one scanner is approximately 90°. Four scanner heads are mounted in



a cruciform pattern about the +zb-axis. Thus, in the search phase, the

scanner system has a look angle of approximately 47 steradians since

the vehicle rotates rapidly (_ = -0.49 degrees per second) about the

Yb -axis.

10



HI. MATHEMATICAL MODEL

A. Satellite Orientation

After the sun has been acquired, the - Yb body axis is directed

toward the sun, and a pitch rate c_ about this axis is applied to the sat-

ellite. The attitude of the satellite is best described in a body-

"-:" # :- I -- I

coordinate system described by the three unit vectors 1 b , ] b' kb

defined by:

E ]r X Y Z
-7- , -- SV = SV SV SV

The vector r
$v

is the vector from the vehicle to the sun and can be de-

termined from the following equation.

= r - r
rsv se ve

The vectors r and
se rve are the vectors from the earth to the sun and

from the earth to the orbiting vehicle. Both rse and rve are known

quantities. These are shown in more detail in Appendix B.

Ig x ]-7- # SV SV

I b : ..... 0
P_v Psv (2)

where

Ps2v : X 2 + y2sv sv (3)

11



IX Z Y Z P_v 1
-' ; R' L_ , _ _ , - • (4)
kb p_ r [ p_ r r

-- -7- I -- I

The base vectors ib', Jb ' kb originate in the satellite at the co-

ordinate origin but these do not rotate with the satellite. Another

coordinate system defined by i-b' Jb' kb is defined at the same origin

as the prime system above, however is fixed with respect to the satel-

lite and hence rotates with the satellite. The i b vector is aligned with

solar paddle shaft, the Jb lies in the center of the satellite and parallel

to the longest sides of the satellite. The kb completes the right hand

orthogonal set. Figure 2 shows the body-coordinate system.

The relationship between the two body coordinate systems for any

time is given by the following set of equations.

TI --I

Tlb : Ib COS _ - k b sin _ (5)

-2- Z -2- #

Jb Jb (6)

m -- I-' sinE? + cos3 . (7)k b = 1b k b

At any time, t the value of 3 is defined by:

(_ = (_0 + w(t-to) (8)

12



where 8 0 = the initial pitch angle.

co = the pitch rate.

t o = a reference time.

B. Sweep Planes and Lines

There are two mutually perpendicular planes swept out by the

horizon scanners as shown in Figure 3. In terms of the rotating co-

ordinate system ib, Jb' kb (equations 5, 6, 7) the two sweep planes

are defined as follows:

Sweep plane (1) contains i b and k b axes, its normal is given by

1 Jb (9)

Any vector in this sweep plane is given by:

E 1 = aT b + bk b ; (10)

a, b, are arbitrary constants.

its normal is given by:

Sweep plane (2) contains the Jb, kb axe s,

2 : lb (11)

and an arbitrary vector in the sweep plane is:

L2 : aJb + bkb (12)

13



The parametric equation of an arbitrary straight line is given by:

F

r = rye + Li T where i = 1, 2 . (13)

The r vector defines a point in space which lies in the sweep plane.

By letting the parameter T vary from +_00 all points along any particular

line are defined. Now, if all lines are considered a plane in space is

swept out.

Figure 4 shows how an area is swept out in space for each sweep

plane in accordance with equation (13). It can be deduced from

¥

Ybr

Earth

Figure 4 - The Sweep Planes
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equation (13) and Figure 4 that some of the area swept out in space in

each of the sweep planes is beyond the visibility range of the horizon

scanners. There are times when the sweep plane cuts through the body

of the satellite. There are also blind zones (null angles) in each of the

scanners. These problems are discussed in a later section of this docu-

ment. For the time being it is enough to realize that planes are swept

out in space. The problem now is to test whether a line in a sweep

plane intersects the earth.

C. Horizon Testing

In order for a line in a sweep plane to intersect the earth the sweep

plane itself must cut through the earth. This is tested most easily by

projecting the radius vector to the satellite from the earth, rye onto

the normal, Ni to the sweep plane. If the magnitude of the projection,

D is less than the earth's radius then the plane cuts through the earth;

if the magnitude of the projection is equal to the earth's radius then

the plane is tangent to the earth's horizon. If the projection is greater

than the earth's radius then there is no intersection. In particular, if:

D = Ni "rvet (14)

where D = the magnitude of the projection of the radius vector to the

satellite onto the normal to the sweep plane. Then if,

D < R e intersection

D = Re tangency

D > Re no intersection

where R = the earth's radius.
e

15



The physical meaning of equation (14) is shown in Figure 5. For

earth acquisition to occur both sweep planes must intersect the earth.

This is a necessary condition but not sufficient. Consequently, for the

"- "'""_ -?'iNTERSECTION

g . ...: :....:.....: :_-.-: -" :-" _ "-" _" sweep plane

.... ._ ....... .'K-":-" " 2.
E

I
I

..... , 2) I_ "r--rEI --- D,D=R E

°° o.°.° ° " ° °_..._I ""_'V ° °°E ° ° "" ° " ° "

I
I

°° .. °°

• ° o

TANGENCY

,, 3) I_ .T,,_I --D,o>RE
l

7-VE . .-''

• _ "NO INTERSECTION

k .... '
o_

o o

LV<S..--
k

Figure 5 - Intersection/Tangency Test
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cases of intersection and tangency further tests must be made to ascer-

tain whether the vector from the satellite to the horizon lies within the

sweep angle.

The values of_ for which trl = R eare given by:

A consequence of equation (1 5) is that if it is satisfied then the L line

must be tangent to the horizon. In the case of tangency there is only

one value for T which satisfies equation (15). Consider the sketch,

Figure 6 below where the sweep plane lies in the earth's equatorial

I_-v_÷L_._-I: R_

TANO NCYCASEf )

scanner head

I
Figure 6 - Horizon Test
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plane. Equation (15) is a quadratic which may be rewritten as:

T2Li 2 + 2_-Cr.e" Li) + Crv2_ -Re2) : 0. (16)

If equation (16) is satisfied the discriminant must also be zero, hence:

(rye "Li) 2 - Li 2 (rv2e -R 2) = 0 . {17)

When equation (10) is substituted into the above equation the fol-

lowing results:

{rve (a_ b +bke)) 2- (ai b +bkb) 2 (rv2e -Re2 ) = 0

Expanding this become s:

_ (L_"%)_+ 2ab(;vo"i_)(Lo"%) +b_(to •%)

- (a 2 + b2)(rv2e - Re 2) = 0 •

A similar equation can be developed by substituting equation (12-) into

equation (16). The only difference would be the replacement of Jb for

1b. With the following definitions the above equation can be rewritten

more simply. Let

-- "7

d 1 = rye lb

-- "7

: r Jbd2 ve

d3 -- rye kb

(18)

18



a 2 (di2- r2_e+R 2) + 2abdid 3 + b 2 (df-r 2_e+Re2 ) = 0 (19)

where i = 1, 2.

Theangle, (I) that an L i makes in the scanner head is defined by

the following equations and is shown in Figure 7 below:

L 1 = al b + bk b

L 2 = aJb + bk b

a

tan(I) : _- •

If b is arbitrarily set equal to unity then:

b --- 1 tan ¢ = a (20)

L e

Figure 7 - Search Vector Angle,

b' b

Substituting (20) into (19) yields the following equation:

@i 2-r2ve +R2) tan2(1) + 2d id 3 tan(I) + (d3 2-r 2re +R_ 2) = 0
(21)

19



where i : 1, 2. There are two values of ¢ which will satisfy equation

(21} for each sweep plane. If the solution vaiues of ¢ have the same

sign the solutions lie in the same scanner. If the signs are different

then there is a solution in each scanner• Since equation (?1) represents

two equations, one for each sweep plane (each of which contains two

scanners) there are four values of • which result from equation (21).

A special case arises when the coefficient of tan2¢ goes to zero,

i.e.

di 2 - rye2 + R_ = 0

In this case the quadratic formula may not be used•

given by:

Then solutions are

-d_ +r2 -R 2 }
Ve , •

q) = tan-1 2di d3 (ZZ)

An additional test has to be made once ¢ is determined, to ascertain

whether the sweep line points toward rather than away from the hor-

izon. This is achieved by computing Li for the proper angle ¢ and then

L i rye < 0 points toward the earth

> 0 points away from the earth.

(23)

20



Figure 6 clearly illustrates this test. If the Li line is not tangent or

piercing the earth then, obviously, the projection of r
ve onto Li' point-

ing in the same direction as Li' cannot point toward the earth.

One final test has to be made and that is to test whether ¢lies with-

in the sweep range. There are blind zones or null angles on each

scanner as shown below in Figure 8.

kb

Figure 8 - The Blind Zones

Hence the final test is that ¢ must:

The use of the equations presented thus far in this section now

provide us with the necessary basic tools to perform an earth-acquisition

21



study. Equations (1) through (4) define a coordinate system that moves

along the orbital path with the satellite but does not rotate with the

satellite. Equations (5), (6) and (7) give a rotating coordinate system.

Equation (14) tests whether the sweep planes intersect the earth. The

angle that a line makes during acquisition is defined and tested by

equations (21) through (24).

The next sections discuss how the process is carried out.

22



IV. COMPUTING AND TESTING

A. The Zones

After an OGO has acquired the sun it starts its earth-search mode

during which it rotates in pitch as it goes around in its orbit. During

this time it is rotating about the Jb vector. The kb vector is coincident

with the intersection of the two sweep planes. Consequently, two zones

are cut out in the orbit during which acquisition may occur. The zones

will differ as the relative position of the sun changes or in other words

the zones will change as a function of injection time into orbit. Figure

9 shows the zones defined by three different injection times. In these

diagrams a perigee injection is assumed, hence the local time given is

the local perigee time.

The first step in the computing and testing sequence is to define

the zones since it is only necessary to conduct earth-search in the

zones. If earth-search begins ina zone then there will be three zones.

If such is the case then the remaining portion of that zone is defined as

zone 1; zone 2 remains as it is but a zone 3 is defined as that portion

of the zone in which earth-search started which is searched as the

satellite approaches that point in orbit where the earth-search mode

started (in other words after almost a full orbit). Equation (14) tests

whether the sweep planes intersect the earth, the equation can be

23



Sun's rays

11

zone 1 _ Bz°ne 2

Local 6 P.M. Injection

iI
121

I
J l J Local noon Injection

\\2\

\ 1_ General Case
\

Figure 9 - Acquisition Zones

rewritten as :

C1,2 : rveR!ti/l"11
1,2 > 1

i = 1,2,3 "-" n ° (25)

24



Acquisition may occur if CI, 2 < 1 and no acquisition possible if C1, 2 > I.

The boundaries of the zones occur when CI, 2 = 1. When C1, 2 = 1 the

angle of eccentric anomaly, E is computed and hence the zones are de-

fined. The eccentric anomaly goes into the make up of the radius

vector to the satellite, rye (t i) . Where r w (t) is defined in terms of

the orbital elements:

rve (ti) = Pa (cosE i-e) + Q a _ sinE i (Z6)

The elements are defined as follows:

P,Q = Unit vectors from the center of the earth to perigee and

normal to perigee in the orbit plane in the direction of

flight.

a, e, E = The classical orbital elements semi-major axis, eccen-

tricity and eccentric anomaly.

i : 1,2,3''-n .

The value of r w is computed from equation (26) by inputting E i . The

result then becomes input for equation (25). When equation (25) is

satisfied the value of E i that was used in equation (26) is stored and

the process continues till all boundaries are defined. The eccentric

anomaly is converted to true anomaly, v by:

sin
]/1- e2 sin E cos E - e

= 1 - ecosE cosu = 1 - ecosE " (ZT)

Z5



B. Scanner Limitation

There are times when an acquisition zone lies beyond the visibility

range of the scanner due to the scanner null angles. Suppose that the

satellite is in an acquisition zone but the entire visible earth lies in the

scanner blind spot. Then acquisition is impossible even though the sweep

planes are cutting the earth. The visibility limit is defined by the follow-

ing equation:

1

Visibility limit in earth radii - tan a v (Z8)

where a = the null angle for one scanner (See figure 8).

The central null angles of the scanners cause a cone to be generated

in space. If the earth, viewed through the scanner head, is contained within

this cone or placed in it such that three scanners cannot see the earth at

the same time then acquisition cannot occur. The figures below show the

earth viewed through the scanner head.

I
r<L r=L r>L

L = visibility limit in e. r.

Figure 10 - Earth Viewed Through Scanner Heacl
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C. Time in Zones and Minimum and Maximum Time

It is beneficial to know the amount of time spent in the acquisition

zones because if for mechanical or electronic reasons the earth is not

acquired when predicted by the mathematics it then becomes important

to know if the spacecraft will spend enough time in that zone to have

another chance at acquisition. The time spent in the zones is easily

computed from Kepler's equation solved for time:

Time in zone = _- 2-El-e - in E l

where n = mean motion.

E 1 , E 2 = The values of the eccentric anomaly at entering and

leaving a zone.

e = eccentricity.

The time of acquisition is dependent on when the satellite arrives at

an acquisition zone and also the rotational position of the satellite. For

acquisition to occur the kb vector must be pointing toward the earth. It

is possible for the satellite to be in an acquisition zone but pitched in

such an attitude that the scanner head is not pointing toward the earth.

Since it is impossible to know the actual pitch angle of the satellite a

series of angles are assumed. This is 8 0 in equation (8}. The result

is that of all 8 o tried there will be one position which will acquire im-

mediately or very soon and there will be a worst case. These minimum

Z7



and maximum times that acquisition can occur are computed; these

values are stored in the computer memory. The longest time between

minimum and maximum is one revolution of the spacecraft. There are

times when one revolution need not occur then the time span between

minimum and maximum. This occurs when the spacecraft is near the

earth and the earth appears large.
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V. THE COMPUTER PROGRAM

An abbreviated flow of the logic is included here. The actual source

program is written in Fortran-II computer language and consists of

about 1200 IBM punch cards. The program was prepared for use on the

IBM 7090 computer under the monitor system.

The program is supplied with the definition of the orbit in terms of

classical elements, launch dates and when to begin earth search.

The process flow generally is as indicated in the chart below.

START

Definition of orbit, when

to start searching and
launch date s

Define acquisition zones.

Equations (5), (6), (7),

(8), (25), (26), (27)

Eliminate zones beyond

visibility range.

Equation (28)

Compute amount of time

spent in zones.

Equation (29)

_ Conduct earth-search.
Equations (14), (21),

(23), (24)

Compute and store

acqui sition time.

Equation (29)

Choose new pitch angle

until all angles ex-

hausted. Equation (8)

Select minimum and

maximum a cqui s ition

times and angles and

printout.

= I
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This flow chart is diagramatic and does not cover all the details. The

diagram assumes that the satellite is moved along in its orbit. This is

done in discrete steps in the program by incrementing the eccentric

anomaly. For instance, the value of the eccentric anomaly, E at the be-

ginning of earth search is defined and from this point the satellite is

"flown" around the orbit in relatively large E steps (i.e. 5° to I0 °) until

acquisition zones are found. The boundaries of the zones are defined by

an iterative process in which the E step is reduced by orders of magni-

tude. Once the zones are defined it is possible that a zone or a part of

a zone may lie beyond the visibility range. Consider the sketches below.

Figure 11 - Zone Elimination
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The first sketch shows how a whole would-be-acquisition zone is elimi-

nated by virtue of the visibility limit of the scanners. The second sketch

shows where part of a zone is eliminated. In the first case one zone is

eliminated and there is only one available zone. The program is set up

in such a way that at least two zones must be defined. When there is

only one zone available the program defines the same zone twice. Such

an occurrance is not rare as can be seen from the results in Appendix A.

In the second instance where part of a would-be-acquisition zone is

eliminated the "good" portion of that zone is defined as one zone and

the other zone remains as it is.
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VI. RESULTS AND DISCUSSION

The orbits for the EGO, S-49 and the POGO, S-50 were analyzed

for earth-acquisition using the methods and the program described in

this document. The results for EGO and POGO are shown in Appendix

A. The results for EGO are shown graphically (Figures IZ through 15

in Appendix A) and in tabular form. Graphic results are not shown for

POGO because earth-acquisition always occurs by at least 0.2 hours

after the beginning of earth-search. This is due to the fact that the

POGO orbit is of low eccentricity and close to the earth.

There is one basic question that these results immediately answer,

namely: does earth-acquisition occur early after the beginning of

earth-search or is it necessary to wait almost a full orbit. Quite

naturally it is less desirable to wait a full orbit for acquisition es-

pecially for EGO since in the case of the 80K n.rn. apogee orbit this is

a wait of almost two and a half days and or in the case of the 60K n.m.

apogee orbit about a two day wait. Figures 12 through 15 in Appendix A

show the launch window maps generated by the early and late acquisi-

tion times for the EGO orbits.

33



The dotted outline upon which the early-late acquisition time

scheme is drawn for the EGO orbits represents the launch window for

the perigee restraint. The perigee restraint is that the satellite shall

not go below 125 n.m. for one year. (See Reference 3).

The acquisition time is also function of when earth-search begins.

Earth acquisition times have been computed taking into consideration

two different times for the beginning of the earth-search mode. The

two times considered are 29 minutes after sun-acquisition and 74

minutes after sun-acquisition. It is clear from figures 12 through 15

that the launch time available for EGO for early acquisition is con-

siderably increased by use of the 29 minute timer.

The tabular results shown in Appendix A present information con-

cerning earth-acquisition across a twenty-four hour period for several

launch dates for EGO and POGO. The presented information includes

the acquisition time measured from three reference times. The dif-

ference between any two reference times (lift-off, injection, start of

earth-search) is a constant. The value of the true anomaly at earth-

acquisition is shown and also the values of the true anomalies defining

the boundaries of the zones are shown. The amount of time spent in

the acquisition zones is also presented. The value of knowing how

much time is spent in the zones is that if acquisition is not made ac-

cording to this theory (for any mechanical, electronic or extraneous
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cause) then it is possible to deduce how many more attempts can be

made by the spacecraft at earth-acquisition while in a zone. The num-

ber of possible tries is simply the time spent in the zone divided by

the pitch rate. Also shown on the tables is that portion of the orbit

from which acquisition cannot occur due to the visibility limit of the

scanners. This is given in terms of true anomaly.

Based on this investigation it becomes apparent that the satellites

should have a choice of timers of when to start the earth-search mode.

In fact, a variable timer may be desirable or perhaps a ground com-

mand capability. These results show that more launch time can be

made available by changing the time to begin earth-search mode. But

times when earth-search begin are really only known once the orbits

are fully defined and in many cases this is not known till a few months

before launch. Often orbits have to be redesigned or reshaped de-

pending on the tasks the satellite is expected to perform or perhaps

to satisfy the desires of particular experimenters.

Another method of increasing available acquisition time is to

decrease the blind zones on the scanners or perhaps to rearrange the

scanners such that the blind zones do not block out that portion of the

orbit where the satellite spends most of its time. i.e. apogee.
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Briefly, in summary, this document presents a flexible method of

determining when earth-acquisition occurs; and it shows that early-

late acquisition maps are generated. The method and program are

flexible in that it easily may be adapted to another type of earth-search

technique.
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Explanation of Printout

A few comments are necessary in order to clarify the "Acquisition

Zones" part of the printout, i.e. columns 6 and 7.

The acquisition zones are discussed in general in Section VI. This

clearly shows how two zones are created. But neither the numbering of

the zones is discussed nor is the one-zone case (i.e. the case of two

identical zones. )

The first zone is defined as the first zone which the satellite enters

after the beginning of earth-search. Consequently, it is possible to

have just passed through a zone before starting the earth-search mode.

In such a case the first zone would be in the vicinity of apogee. The

sketch below illustrates this.

ZONE 2

J J
J J

In the real case the initial perigee height is in the order of 5% of

the earth's radius. As a result it is possible that the portion of the

4O



orbit _oetween the zones will be "jumped over" because of the way the

program is set up to take discreet steps around the orbit. See the

sketch below.

ENTRY POINT

This portion
of the orbit

lles between

the zones

IT POINT

In the case illustrated above there is only a small portion of the orbit

in the vicinity of perigee which does not lie in a zone. Consequently

the computed zone is defined as beginning at the entry point of one real

zone and as ending at the exit point of the next real zone. The only

consequence is that the small region between the zones ia also searched.

In other words the program is acting in a fail-safe fashion.
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The printout also shows cases where the exit points from the zones

are identical but which have different entry points. These cases occur

when the above described case occurs but that the earth-search mode

starts in a zone.

In such cases the first zone is defined with an entry point at that

point where the earth-search mode begins and with a normal exit point.

The diagram below shows this case.

I

ZO

ENTRY POINT FOR ZONE 2.

EXIT POINT FOR ZONES 1 AND 2.
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POGO has a low eccentricity close earth orbit. The satellite in

the POGO orbit never exceeds the visibility limit. There are two pos-

sible cases with the POGO orbit, I} when the satellite senses sunlight

all the way around the orbit and 2) when it goes in and out of the

shadow of the earth. In case I) the whole orbit will be an acquisition

zone. Since the program must find at least two zones it defines the

same zone twice.

In case 2) it is possible to have the same occurrences as described

above in the general cases.
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APPENDIX B

1. The Earth-Vehicle Vector, r
ve

The vector from the center of the earth to the vehicle at time t is

given by:

= X i +Y j +Zrye ve ve ve (B-l)

where

Qx xw

= Py Qy Yw

Pz Q,
(B-Z)

The formulas for Px, Py, Pz, Qx, Qy, Qz are given on page 33 of

Reference 6 and

xw = a(cosE-e) (B-3)

Yw = a/1 - e 2 sin E (B -4)

Z. The Earth-Sun Vector

The vector which points from the center of the earth to the sun is

given by (Reference 7):

m

r
se = Xse i + Yse J + Z,e k (B-5)
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where

Y'_I :

Zs_J

ICOS _,

rse ICOS _ sink'

[sin _ sink'

(B-6)

'( e'2)a l-

rs_ - 1 + e' cos_' (B-7)

k' : 4.894117 + 0.017202791d

+ .03345099 sin [- 0.0324191 + 0.01720197 d] (B-8)

I I I

: g + 2e' sin g (B-9)

g' : - 3.2419100 x 10 -2 + 1.7201970 x 10 -2 d . (B-10)
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